Through panel-data regressions, we found that both per capita income level and growth turn out to converge when the trade intensity ratio increases between the countries. Geographical proximity and language similarities also turn out to be associated with convergence in both income level and growth.
MOTIVATION
Convergence on income level and growth among countries is a very old issue among common people as well as among economists. Furthermore, that topic has become more important than ever as globalization advances. This issue is generally more important in an open economy than in a closed economy. In this context whether trade leads to convergence or divergence in per capita income level and growth has been of a great concern.
1 Based on endogenous growth model by Lucas (1988) and Romer (1990) , Ben-David and Loewy (1998) explained that steady state growth rates depend on the rate of knowledge accumulation and trade flows between countries facilitate the diffusion of knowledge and spur the growth process. Therefore they argued that knowledge spillovers emanating from heightened trade lead to the same steady-state growth path and to similar per capita output in the long run.
2 Ben-David (1993 , 2001 found that trade is related to income convergence by investigating data for a specific group of * Comments from Stephen Magee, In Choi, Han-Sik Lee, Geun-Yup Oh, and Myung Hoon Yi are gratefully acknowledged. The author is grateful to an anonymous referee for very helpful comments and suggestions.
1 Rassekh (1998) explained the convergence hypothesis and the role of globalization well.
countries. Using 1960 -1985 data, Ben-David and Kimhi (2000 showed that an increase in trade flows led to an increase in the speed of income convergence by using 127 pairs of countries on the basis of export data and 134 pairs of countries on the basis of import data.
On the other hand, there are some researchers who doubt the effect of trade on income convergence. Slaughter (1997) argued that trade is not sufficient to produce income convergence and more research is needed to clarify the relationship. Analyzing data from after 1945, Slaughter (2001) found that trade liberalization caused income divergence, not convergence among liberalized countries. He performed his analysis by comparing the convergence pattern among the liberalizing countries before and after liberalization with the convergence pattern among control countries, chosen using a variety of methods, before and after liberalization. Hallet and Piscitelli (2002) employed a business-cycle model and found that large, stable economies with well-integrated economies are likely to diverge but smaller, more volatile or less well-integrated economies will converge.
So far, the empirical evidence of convergence is rather inconclusive and limited to a group of countries. Therefore in this paper, the hypothesis-that bilateral trade leads to both per capita income level and growth convergence between export and import countries-will be tested empirically by panel-data regressions with a much broader data set. This analysis will also help to determine whether recent globalization will converge incomes and growth rates among countries or not.
MODEL
There are several traditional ways to test convergence among countries. 3 The first is σ-convergence, which tests whether the cross-sectional income dispersion between periods becomes smaller or not as time goes by. 4 The second is β-convergence, which tests whether poor countries grow faster than rich countries. Carlino and Mills (1996) .
4 See Barro and Sala-i-Martin (1991) .
5 See Baumol (1986) and Barro and Sala-i-Martin (1991) .
6 See Bernard (1991), Bernard and Durlauf (1995) , and Carlino and Mills (1996) .
7 Similar way of testing income convergence is used in Choi (2004) and = t 1970, 1980, 1990, 1992. Here subscript i represents an exporting country and subscript j represents an importing country. Therefore, t 1970, 1980, 1990, 1992. ijt RATIO stands for the trade intensity ratio between exporting and importing countries and is defined as an export volume from country i to country j divided by the sum of these two countries' respective GNP at time t.
ijt DPGNP stands for the per capita income gap: the ratio of the absolute difference in per capita GNP to the sum of country i's and country j's per capita GNP at time t.
ijt DPGNPR is per capita real income growth gap defined as the absolute difference between real per capita GNP growth rates of exporting and importing countries at time t. If bilateral trade leads to convergence in income level and growth between exporting and importing countries, the coefficient 1 b is expected to be negative.
We used an absolute value of per capita GNP or growth difference. This is because technology spillovers can be possible even when goods are exported from a poor country to a rich country. Poor countries could enhance competitiveness of exports to compete with goods in rich countries and hence income gaps in absolute terms will also be narrowed. This argument applies equally to the case of real per capita GNP growth rates.
We also included additional explanatory variables such as distance between two countries and a common language dummy. We assume here that geographical proximity and common language also play a certain role in convergence as they can make the technology spillovers easier in addition to facilitating bilateral trade. The variable, ij DISTANCE , stands for the distance between country i and country j. The dummy variable, ij Language , is set equal to 1 when two countries use the same language, and 0 otherwise. When two countries are close and use the same language, the income gaps and growth gaps will be narrowed. Therefore 2 b is expected to be positive and 3 b is expected to be negative.
EMPIRICAL RESULTS
All the data used in this analysis except real per capita GNP growth rates, are from Frankel (1995), Frankel, Stein, and , and Wei's homepage. 8 There are 63 countries included in the bilateral trade data and 62 partner countries for each exporting country. 9 Years included in the data are 1970, 1980, 1990, and 1992 . Therefore, a total of 15,624 observations are used in the analysis ( 624 , 15 4 62 63 = ). Real per capita GNP growth rates are from the World Development Indicators CD-ROM of the World Bank (2001) . There are pairs of observations (for country ij, and ji) with the same left-hand variable, and except for export level, the same right-hand variables: distance, common language and absolute income gaps. This can induce correlations in the error terms across observations, with the implications for the reported standard errors.
10 Therefore, we classified all the data into two groups depending on whether the per capita GNP gap or real per capita GNP growth gap is positive or negative. (1) and (2), respectively. In both Table 1 and Table 2 , pooled ordinary least squares (OLS) regression is used in columns (a) and (b) and a random effects model is used in columns (c) and (d). We classified the whole data into two subgroups; positive gaps (columns (a) and (c)) and negative gaps (columns (b) and (d)). Dependent variables, however, are denoted in absolute numbers for easy comparison across estimations. All the regressions include year dummies.
In Table 2 , the per capita income gap ratio (DPGNP) is regressed on trade intensity (RATIO), distance (Distance), and the common language dummy (Language). Coefficients of RATIO are negative and significant at 5% across all the regressions. This means that when the trade intensity ratio increases by 1%, per capita GNP gap ratio turns out to decrease by 0.034% to 0.057%. Coefficients of Distance are positive and significant at 5%. The more distantly located two countries are, the bigger the income gap becomes. The coefficient of Language is negative and significant at 5% in columns (a) and (b), at 15% in column (c), and at 10% in column (d). This implies that when two countries use the same language, the income gap between two countries becomes small. 
c. Newey and West's (1987) heteroscedasticity-and autocorrelation-consistent covariance matrix assuming a lag length of one is used for standard errors.
d. Coefficients of year dummies are not reported.
In Table 3 , real per capita GNP growth gap ratio (DPGNPR) instead of per capita GNP gap is used as the dependent variable. Coefficients of RATIO are negative and significant at 5% across all the regressions. When the trade intensity ratio increases by 1%, the real per capita GNP growth gap turns out to decrease by 0.027 to 0.028%. Coefficients of Distance are positive and significant at 5%. The more distantly located two countries are, the bigger the income growth gap becomes. Coefficients of Language are negative and significant at 10% in column (a), significant at 5% in column (c), and insignificant in columns (b) and (d). This means that when two countries use the same language, the income growth gap between two countries tends to become small in columns (a) and (c). To summarize, we found that the more two countries trade, the smaller the per capita income gap and real per capita income growth gap become. This result applies whether gaps are positive or negative.
11 This implies that a relatively poor and slow-growing exporting country can catch up with the rich and fast growing country by increasing its exports. A rich and fast-growing exporting country can also stimulate the importing country's economy by increasing its export.
CONCLUSION
Our empirical results support the hypothesis that both income level and growth tend to converge when bilateral trade increases between two countries. When two countries are located closely and share the same language, the effect is even greater. We conjecture that bilateral trade, geographical proximity, and common language are related to the transfer of knowledge between two countries. Therefore, we can safely conclude that recent globalization contributes to narrowing income and growth gaps rather than widening them between advanced countries and underdeveloped countries. 
